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 
Abstract— Magnetorheological elastomer (MRE) is known 
for its field-sensitive shear modulus and damping property 
when it is exposed to a magnetic field. It has a great potential 
for the development of vibration reduction devices. Many 
research, mostly in mechanical engineering, have been focused 
on different kinds of vibration absorbers and vibration 
isolators, however few research addresses its potential in base 
isolation system in civil engineering application. The objective 
of this paper is to pilot the design and experimental testing of a 
novel device, an adaptive MRE base isolator, for the 
development of smart base isolation system. A large-scale 
design of the novel device with unique laminated structure of 
steel and MR elastomer layers is adopted. Detailed procedures 
on designing such adaptive base isolator are introduced. An 
innovative design on the magnetic circuit, with aim to provide 
strong and uniform magnetic field to the multi-layer MRES, is 
proposed to incorporate into the device design. Experimental 
investigation is conducted to examine its behavior under various 
cycling loadings when it is applied with different current inputs. 
Experimental results indicated that the force increase and the 
stiffness increase of the novel device are about 45% and 37%, 
respectively. To conclude, the MR elastomer base isolator will 
be a promising candidate to facilitate the development of 
adaptive base isolation system for civil structures. 
I. INTRODUCTION 
Base isolation systems are the most widely implemented 
technique world-widely for the seismic protection of civil 
structures [1-2]. When earthquake comes, the base isolation 
system will decouple external vibrations by isolating 
destructive frequency contents from transmitting into the 
main structure above thus maintain the integrity and safety of 
the structure and contents therein[3]. However, current base 
isolation systems are mostly passive and are only effective in 
a narrow band of frequency range. Particularly, the 
vulnerability for current base isolation practice during far-
source and near-source earthquakes becomes a great concern 
[4]. A new smart material, Magnetorheological (MR) 
elastomer, promises a solution for overcoming these 
challenges by developing an adaptive base isolator.  
MR elastomer consists of natural or synthetic rubber 
matrix interspersed with micron sized (typically 3 to 5 
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microns) ferromagnetic particles [5]. Similar as MR fluids, 
MR elastomers possess magnetic field-sensitive shear 
modulus and damping which can be controlled by external 
magnetic field. Under magnetic field, the material switches 
from rubber-like property into solid material. After removing 
the magnetic field, it regains its original state as a rubber. 
Notably, this process is instant, reversible and repeatable. Due 
to these attractive features, MRE has received a great deal of 
attention to be used in the development of vibration isolators 
and vibration absorbers [6-7]. However, for most of the 
proposed MRE devices, only few layers of MREs were used 
due to the difficulty in providing sufficient and uniform 
magnetic field to multi-layer MREs. For a large-scale MRE 
device, multi-layers MREs with considerable large diameter 
are inevitably required, which create even greater obstacle for 
the magnetic field generation. Therefore, the application of 
MRE devices to large scale structures remains unsolved, 
hindering the progress on MRE research till now. 
The main purpose of this paper is to develop a large-scale 
adaptive base isolator utilizing MREs.  The novel device 
consists 47 layers of laminated MREs and steel sheets to 
achieve the flexible shear stiffness in horizontal direction and 
sufficient load-carrying ability in the longitudinal direction. 
An innovative magnetic circuit design was adopted in this 
design to resolve the challenge in providing sufficient and 
uniform magnetic field. Detailed procedures are introduced in 
the second section. Experimental testing was conducted to 
examine the device performance under various sinusoidal 
excitations and magnetic fields.  
II. DESIGN OF THE ADAPTIVE MAGNETORHEOLOGICAL 
ELASTOMER BASE ISOLATOR 
A. Magnetorheological Elastomer 
The materials used for the MREs in this investigation are: 
silicone rubber (Selleys Pty. LTD), silicone oil, type 378364 
(Sigma-Aldrich Pty. LTD) and carbonyl iron particles, type 
C3518 (Sigma-Aldrich Pty. LTD). The density of silicone 
rubber, silicone oil and carbonyl iron particles are 1.04 g/cm3, 
0.96 g/ml and 7.86 g/cm3, respectively. The diameters of the 
iron particles are between 3 μm and 5 μm. For a 100 g MRE 
sample, it contains is 10 g silicone oil, 20 g silicone rubber 
and 70 g carbonyl iron particles. Hence, the volume friction 
of the iron powder in the MRE is 30%. The mixture was put 
into a vacuum case to remove the air bubbles inside it, and 
then the mixture was poured into a mold for curing under 
constant magnetic field of 1.0T. The curing time for MRE 
sample is 24 hours. 
Figure 1 shows the strain-stress curve of the normal MRE 
material in shear mode under various magnetic field strength.  
The MRE is a soft rubber-like material with 100% shear 
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modulus change under the magnetic field of 0.7 Tesla, 
compared with that with absence of magnetic field. For 10% 
shear strain, the shear moduli are 0.1MPa and 0.2MPa with 
magnetic field of 0Tesla and 0.7 Tesla, respectively.  
As can be seen in Figures 1, shear moduli of the MRE 
sample displays an increasing trend with magnetic field, 
which proves that the MRE exhibits obvious MR effects. 
Within yield shear strain of MRE, the shear stress and the 
shear strain exhibit a linear relationship for any given 
magnetic field. Beyond this critical strain, MRE material 
displays typical plasticity. The shear yield stress of MRE 
increases with increase of the applied magnetic field, 
demonstrating typical MR effects. Beyond the critical shear 
strain, the MRE behaves as plastic material. For the MRE 
sample, the shear yield stress varies from 18kPa to 40kPa 
while the critical shear strains are around 19% to 27% when 
magnetic field intensity increases from 0T to 0.7 T.   
 
Figure 1.  Shear stress vs shear strain at different magnetic fields for MRE  
B. Adaptive Base Isolator Design 
The configuration of the novel MRE seismic isolators, as 
shown in Figure 2, incorporates the laminated structural 
design of traditional laminated rubber bearing [1-3]. It 
consists of multilayer thin MRE sheets bonded onto 
multilayer thin steel plates. The advantage for the laminated 
structure is for its large capability to carry heavy load in 
vertical direction. The steel plates provide the vertical load 
capacity and stiffness, and prevent lateral bulging of the 
rubber. Horizontal flexibility is provided by the shearing 
deformability of MR elastomer sheets which can be varied 
instantly under applied magnetic field. In the prototypes, 
coils are placed outside of the laminated bearing element to 
provide strong magnetic field to the field-dependent MRE 
materials. The solenoid coil is made of copper wire and thin 
non-magnetic support as illustrated in Figure 2. To further 
enhance the magnetic field in the isolator, a cylindrical steel 
yoke is designed and installed around the coil to form an 
enclosed magnetic circuit. To enable movement of the 
device, a small gap of 5mm between the top plate and the 
steel yoke is allowed. Detailed design of the MRE seismic 
isolator can be referred to references [8-9]. 
In the design of the adaptive seismic isolator, two design 
parameters are crucial to both practical implementation and 
theoretical evaluation of its performances, i.e. vertical loading 
carrying capacity and lateral stiffness of the seismic isolator.  
The weight capacity of the laminated base isolator is 
considered by the following calculation:  
 
Figure 2.  Cross section of the MR elastomer base isolator  
                
wGSAW 
'           (1) 
Where, A’ is the overlap of the top and bottom of the base 
isolator, named as the effective area, G is the shear modulus 
of the rubber, S is the shape factor of a single layer of rubber; 
γw is the allowable shear strain due to weight.  
The shape factor S is a non-dimensional measure of the 
aspect ratio of the single layer of the elastomer, defined as:  







          (2) 
Where, Aload is the area of the base isolator with load 
applied on, Aload-free is the area of the base isolator without any 
load applied on. 
For example, the shape factor S for a rectangular isolator 
is: 






           (3) 
Where, L and B are the plan dimensions of a rectangular 
isolator, BL  , t is the thickness of a single layer rubber.   
So, in a square plate of width a with a single-layer 
thickness t the shape factor is, 





           (4) 
For a circular plate of diameter Ф and thickness of t, the 
shape factor is, 





           (5) 
  
Figure 3.  Effective area of the base isolator under maximum displacement 
To analyze performance of a laminated base isolator, the 
isolator is usually approximated as a vertical shear beam, 


















0 T [Pa] 0.1T [Pa]
0.2 T [Pa] 0.3 T [Pa]
0.4 T [Pa] 0.5 T [Pa]

















       
Where, A 











































    K
is the rubber 
hickness of th






















 the wire is 2
nce of the co
 elastomer s
ave a free 
f 26 mm, equ
f 27.7%. To
is also a smal
oke. 




d for MR el
mbination of
r layers, fortu
of the base is
 distribution 





b      
layer area (fu
e rubber layer
 in design low
g the cross 
 increasing t
f the cross s
yer is too thi
s subject to s
oading. There
ust be cons
ility of the 
of the isolator
 design, there
 of 1 mm an
ness of 2 mm
sheets is 140
 layers were
r glue. As an




f the coil wi
100m. The w




 enable the l
l gap, 5mm, b
 MR elastomer a
ircuit 
 conductivity
t is difficult 
astomer mate




sed in the pr
pediment to
tiffness is sim












.   
 are 46 layer
d 47 layers 
. The diamete





e of the coil, 
umber of the
re is 1.2 mm 
ire is made of
he space betw
the coil enab










es the high m
investigation








 of the 






s of the 
of MR 




e of the 
e non-
is made 















 on the 
ovative 








































x, two steel 
ttom, are de
ths for magn











d its base w
ad cell is ins
ed reaction r
ad applied to 
e MRE base 
minate the u
otion of top 
0V and 8A 
ring dynami
quencies of 0





























 two steel cy







tic field of 0.3













plate. A DC 
provides DC















d on the top 




n the top an
form two ro
 2) being fix
 the superst
e is firmly pl
ic flux path. W
T can be ach
tic field measure
ENTAL TESTI
p, as shown i
ovide horizon
tic mode or i
tor is mounted
g with the s
ect the MRE 
 the table to 
 During testin
the load cel
es that may 
power suppl
 current to 
ries of harm
nd 3.0Hz, we













 for this des
he laminated 
th for the ma
d the other o








n Figures 6 a
tal motions 
n a dynamic m













































































































































































































so plotted in t





























 isolator at 
g frequency 










































 can be seen,
ed from the M
plied current 
ps of the M










































e of 5mm a
r various ap
ake table mot
 there is signi
R elastomer


























The maximum force, effective stiffness and damping 
coefficient are listed in Table1-3. The methods to calculate 
the effective stiffness and damping coefficients can be found 
in [9]. The force increase for each testing set varies from 33% 
to 45%. For a given frequency at the constant amplitude of 
5mm, the stiffness increases vary from over 34% to 37%. 
While for the amplitude of 10mm, the stiffness increases is 
from about 30% to 37%. When the loading frequency 
increases, the stiffness increase decreases. It is interesting to 
observe that, for two different loading amplitudes with same 
loading frequency and same input current, the effective 
damping coefficients, remain nearly the same. The values of 
damping coefficient for low loading frequency are higher than 




Figure 9.  Force-displacement loops of the MR elastomer base isolator at 
amplitude of 5mm and frequency of 0.5Hz. 
The maximum forces at the amplitude of 5mm are shown 
in Figure 11. For a given input with 5mm amplitude and 0.5 
Hz frequency, the maximum force generated by MRE seismic 
isolator increases from 102N (off-state, I=0.0A) to 148N 
(I=5.0A), equivalent to more than 45% increase. As it can be 
seen, under applied magnetic field, increase of the force can 
vary from 33% up to 45% for the MRE seismic isolator for 
any given sinusoidal input. It is shown that the maximum 





Figure 10.  Force-displacement loops of the MRE base isolator at amplitude 
of 10mm and frequency of 1.0Hz. 
Figure 12 shows the variation of effective stiffness versus 
various magnetic field strengths, indicated by the applied 

































































































currents in the figure. For different loading frequencies, the 
relationship between the effective stiffness and applied 
currents remains similar. However, the effective stiffness 
increases dramatically with increase of the applied currents 
with a nonlinear trend. The relative increase for a given 
loading frequency is around 36% when the applied currents 
vary from 0.0A to 5.0A. 
 
Figure 11.  Maximum force of the MRE seismic isolator along various 
applied currents 
 
Figure 12.  Effective stiffness of the MRE seismic isolator along various 
applied currents 
To sum up, based on the previous analysis discussion, it 
can be further concluded that the MR elastomer base isolator, 
exhibited visco-elastic behaviours, can  be used as a 
controllable stiffness device, with stiffness increase up to 30% 
to 38% for various loading conditions. The damping in the 
MR elastomer device is relatively low without magnetic field 
but increase with application of magnetic field. For ex-ample 
damping ratio can change from 0.24 kN*m/s when the 
loading frequency is 3.0Hz and (no field at the loading 
frequency is 3.0Hz) is applied to 1.55 kN*m/s when (5.0A 
current input at the loading frequency is 0.5Hz) with 5.0A 
current input. 
Capable of instantly changing its shear stiffness and 
damping property, by altering the applied currents, the 
proposed MRE base isolator is able to introduce a 
considerable adaptability into the base isolator and thus can 
overcome the shortcomings associated with traditional 
passive base isolators [10-11]. 
IV. CONCLUSIONS 
In this paper, a novel adaptive base isolator was 
successfully designed and prototyped utilizing MR elastomer. 
The proposed MR elastomer base isolator contains unique 
structure as multi-layer laminated steel and MR elastomer to 
suit for civil engineering applications. Provision of a uniform 
0.3 T magnetic field was achieved through an innovative 
magnetic circuit design which includes a magnetic core (MRE 
laminated structure, two steel blocks) and an enclosed yoke to 
increase the magnetic permeability. The behaviors of the MR 
elastomer base isolator were experimentally tested and results 
were analyzed through two important measures, i.e. effective 
stiffness and damping. The increases on force, effective 
stiffness and equivalent damping were obtained through the 
experimental data. It is shown that the force increase of the 
MRE base isolator is up to 45% and the stiffness increase of 
the MRE base isolator is up to 38%. With instant controllable 
stiffness and damping property, the proposed novel device 
has great potential in the base isolation system for civil 
structure and is able to resolve the challenge facing the base 
isolation system. 
V. ACKNOWLEDGEMENT 
The authors gratefully acknowledge the financial support 
by Chancellor’s Postdoctoral Research Fellowship of 
University of Technology Sydney (Grant No. 2032032) for 
this research.  
REFERENCES 
[1] Naeim F and Kelly J M, Design of seismic isolated structures: from 
theory to practice, NJ: John Wiley and Sons, 1999, ch. 1-3. 
[2] Komodromos P, Seismic isolation for earthquake resistant structures, 
Southampton: WIT Press, 2001, ch. 3. 
[3] Kelly J. M., “Base isolation: linear theory and design”. Earthquake 
Spectra, Vol.6, No.2, pp:223-244, 1990 
[4] Yoshioka H., Ramallo J. C. and Spencer, Jr. B. F., “Smart” Base 
Isolation Strategies Employing Magnetorheological Dampers’, Journal 
of Engineering Mechanics, Vol. 128, No. 5, pp. 540-551 May 2002. 
[5] Popp, K., Kroger, M., Li, W., Zhang, X. & Kosasih, P, “MRE 
Properties under shear and squeeze modes and applications”. Journal 
of Intelligent Material Systems and Structures, Vol. 21, No.15, 
pp:1471-1477, 2010 
[6] Lerner A A and Cunefare K A, “Performance of MRE-based vibration 
absorber”, Journal of Intelligent Material System and Structures. Vol. 
01, 551-563, 2008. 
[7] Behrooz M, Wang X. J. and Gordaninejad F, “A semi-active/passive 
isolator”,  The 5th World Conference on Structural Control and 
Monitoring, Shinjuku, Tokyo, 12-14 July 2010. Paper No. 049. 
[8] Li Y, Li J and Samali B, “On the magnetic field and temperature 
monitoring of a solenoid coil for a novel magnetorheological elastomer 
base isolator”, Journal of Physics.: Conference Series, Vol.  412,  
012033, 2013 
[9] Li Y, Li J, Li W and Samali B, “Development and characterization of a 
magnetorheological elastomer based adaptive seismic isolator”, Smart 
Materials and Structures, Vol. 22, No.3, 035005, 2013. 
[10] Li J, Li Y, Li W and Samali B, " Development of adaptive seismic 
isolators for ultimate seismic protection of civil structures ", Proc. 
SPIE 8692, Sensors and Smart Structures Technologies for Civil, 
Mechanical, and Aerospace Systems 2013, 86920H 
[11] Li Y, Li J and Samali B, “A novel adaptive base isolator utilising 
magnetorheological elastomer”,  22nd Australasian Conference on the 
Mechanics of Structures and Materials,  Sydney, Australia, 11-14 
December 2012, pp: 763-767 














































Effective stiffness when  =10mm
 
 
Loading Frequency f=0.5Hz
Loading Frequency f=1Hz
Loading Frequency f=3Hz
